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Abstract

Aiming at the problem of low-orbit satellite measurement and control data transmission resource
scheduling, a static scheduling model based on the constraint satisfaction optimization problem
(CSOP) is proposed. By analyzing the principle and characteristics of multi-satellite measurement
and control data transmission resource scheduling, the related concepts are defined and standar-
dized, and the modeling of the object and the scheduling process is realized. In this paper, the
process of assigning measurement and control data transmission resources to spacecraft mea-
surement and control data transmission tasks and selecting a suitable time window for the space-
craft are regarded as equivalent processes. The number of measurement and control data trans-
missions and the measurement and control data transmission duration in the visible circle of
measurement and control data transmission resources are used by the spacecraft. Time describes
its task requirements. Based on the standardized description of measurement and control re-
quirements, data transmission requirements and constraints, a CSOP-based six-tuple static sche-
duling model is constructed.
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I AL BE YR 28 R [ RIS ROV EESR BT LA AR IR . — SRR F A BRI, 45 8 AR — Bt
(PR TR . BURAE S TR, AR5 @ 45 B f% SIS B 0 A0 OIS O0 R, AR AGIEC B A= i R g =
WA R 7 — R E RN, 4558 2T I4 BfE SR I B 7 A N ST 55 R R, B
PEEAL TR AR WU RIS DL, PRI 500 BRI, 3 R B S 55 T SR EAMEAE S5 i 2k o T
8 B GRS A 25K 1) R, R ) BRI A T B ), [ oot I SR R TR R ) R R AT R D R
NIFARGE RSOt L % . FLAE 1981 2 1984 4E[A], E[H 1BM 2 H] ) Arbabi {8455 Nt 46 2 0 H i
ALK fi# T2 R ¥ (Satellite Range Scheduling, SRS)IAI@[1]. M5, LASEE=ZZEH AR 5EFE Gooley [2].
Parish [3]#1 Schalck [4]58 N AAEE, X356 [ 25 % TR #4 M (Air Force Satellite Control Network, AFSCN)
R R B i R AT IR . Jang [S]7E AR SRR b E— X AFSCN I IRSS fe JIREAT 1 VEAL,
Burrowbridge [6]0 /34T 1 TR M2 F YR L E W, BEE TR E TR SR R R, 5L 7R
4D R ) A L ) A o R P A S AT o ORI AL R s . R [T H T T X 2 L M T R SR W4T
PO B R AR BRI AL R, WPPIRGT T 2 B R R W& B E 7 R 2 BT
WS 5 SRR DA SRR TR B T R FE S R, e tig A Delphi 75 AHP v PR R4
WA BB T VPN EAME R, 2R RS 5 NUEN 16 MEARE R . 1575 FE[SIHF AT T A Hh i sl 0 2 W5 R
e B RS A %, B R SRR ) &= DA (SVR) B G A AL G A N o8 R, R & 1531
FRY 1BV B BTN R BN IR AT, 48 AT M T SRR DAL BC . % K [ONRABIEFT 1 1 [ A BRI
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BN E R, Bt 7R oo 0 s i b 2% SR AC B 7 RAOCHEZR, M 1 i ol A B UG
BT RS HBARRE)) Z [MIWLG R R A O, JFAE LAY kAT i ol BRI B AU . M BL LB TR
FTUAE Y, H R RS T Ao SR R 1) B S M AAAE LU R LT A A2 1) BUA I UsCR 2
S PRI 5 K A B D A IR AT A, B e B R EL DU A 1m0, 1M R e B R Bl A5 5 3l ) 7L
2) W% B B 5 Bt VEIRIC B2 JT ST FE , FFBCA T ) TR AR 55 AT A% K BRI &5 7 3) Bl
AT T U (0 I 47 KA SR VA FiE A A 2R T 28 BRI P AT 55306 A2 PN BEEAT R A TR 2% 16
NIk DSR4 O ) T2 A A B 0 4 A B SR E 0 AN BER 1

ARSI 73 Mt 2 B U 4 B e B U R SR PR s, R TR OR L B R MR R AT AT TR
ik, FESLIEA BRSO ARSI, SEEL T ORI RS R R AR . B SRR TR I R B
PR E I, BEFCHE 1 —AhEE T CSOP HIZS T4l A BEAR Y .

2. CSP #1 CSOP #4
2.1. RFE IO CSP #&

L oK 3 /2 17) 8l (Constraint Satisfaction Programming, CSP)$iidk £ o 8 1] e BRI 35 FH 177 6 R Py — el ]
MR, EEEH 1) AL 2) AERMEE 3) REIEERENLHRE 3 M ILEE L. 20 2 )
TR BT H T SR Al 2 2R A0S A0 A Il R A RO, R g2 M AR B I R 31— 4E, 7 liga e
O R PTA AI,  IXRE ) — AR AR D9 S AR AT AT

— AR I E A=A =ed P =(V,D,C), Hh V ABEES, V={v, v,V }: &
V€D ={d, - dp . W D ABEMEKD={D,D, D} CHLURKRRESC={C,C,.C,}, &
EERI T A REG T RARE A MARKC R, R 7 ZRRRWESM, 2V, eV, RcD,ie{l2,-,m},
RZHV, HRIES, M =(V,R), WIE (v, r) BOLRFE 5 AT ZH R LR ¢,

— AN TR L 1) R L) TR ] 2 R L) RO LI IR o R 24 o 2 i A ZB T LR 46, i SR A
QWBAWE L, WV AT AR R W 2 S, RITAS 0 A ] e 25 3 5 24
FEAE IR TR AR, AR5 | LAAAT” J& THEL A, & B R th AN 35 | AN 2 22K
UES I A EWPAT Y BTN, TR AT AR | A .

2.2. ARHEMALEIRE CSOP #i2

LR LAk 1) f (Constraint Satisfaction and Optimization Problem, CSOP)gi & 1 £ 3R i 2 1] AL
el @, A LI RAEBL R LA R, i 2 2R SR AR I AR B A W AT, Tl R S LA 2 A H A bR B8 R
134 R A B PTAT A

X & 2V 75 3R DL LAY B AR 245 G BRI USRI R AT 8, 72 TTUR REE 2 5 R, RIPT
HIAE S5 FRREE 22 HRINE, RN 2 P A 20 PR B R Al EARYE B AR s B AT 04 TAE BEUEAS BB 2 75 K
TELV A DA L, T AR VF R LI AE S, SIS R 3 A2 nT 52 1, 1) 2 75 S - 40— M0 H s R (B X
13 R ERAR K B /N A, XA 1 ] A A2 B 40 20 SR A2 1] @ (Partial Constraint Satisfaction Problem,
PCSP), &txfAS[F] i il EARAL H Ax, BB 2 SR T A4 ) RURH EL 4K

3. &TF CsOP MR D EMER R RIRFHSHEIRE

AT H R BRI T M % e BRI A YA BE R R TT 0 Ao X M I A B, AN
Iy B BARAT 55 I, FLR AT A2 45 FL 7 e — NI (] 7 1, 2 I 1) 2 11 P9 58 il 42 B AT 55
DRI, % B A A 55 52 DN P B SRR L RE B A S AR, B ANFT R 29 ARORFAE AT 55 I ) 2 11 s 12k
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RIPSAIAT 45 R i ARG U 504 B PR ml DR [0 2 105 DU A% B0 e — e IR CGE — I 2 L B v — A E s
WRZRSS), BARESEIRRHE(E an s bR BE Rk FE e (B & B i A OREE S 2 B0 & R 20 3R
AL F PSS o VR FEE ) 0 240 SRR Al A 3 BT VR B I R (R AN R, M TEUR AT 55 B L
o AR R ARETHZRARKARAR, B HERAAREE. BBt fats. —
ks H AR A A E—Fhar H bR 20 AR, A5 & T4 )R £ 3R (global constraint), #1224 H #5245 (object
constraint). 4AFE1EZ A HERLIHS, 03— B AR AW TRG, Lol R s i 77 k47 H br
A S

R, s Hfs. RREARAE TR TR, 5T TENESHUE 7R L L% AT,
SO 5 3K B T SR B LV SR AR AT TG A R IR, A Ja e g A5 BB AR 25 A Y, Mg oy s &) 1 o

B Emmmmg | TR A HEER | 0EER
= T e
= g7 ) -
T s % EEER HUOR
MissES R — >
(S HSRS R >
AR RO >
TS BRI >

Figure 1. Model composition of telemetry control and data transmission mission
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WXheH, . hFRMPE {05 o BIBEUERIE, b g=h-max(H ).
3.3. AT SR A

F TW Rom 45 5L AT 25 AR T 0L IR I TR i 148, BDnT SRR A . I ELT 4% k M
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